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論文
Yields of cash crops in a planted teak forest under agroforestry 
management in Madiun， EastJava， lndonesia 





でうi戸「される H~ 1'!:物4干のためのキJI:tふ!徐)\1( ， h毎日EiFのfり'H:i;JIH効栄によって.チークのよ:心、lJ:.rE7Jが維持されているこ
とを泌めた.そこで， 7ドチーク人 1:体内における 1:1IIf'1'物の )1ぇ;誌を í~ñJ 1t~し，チ…ク人仁林およびその tì;Jlllが対11作物のJ!"5Ui(
に及{ます J;(~~惇について考祭した.ここでは，このJ自主主のチーク・アグロフォレストリーの j良氏にとって. ，，\(.l主的な )I~人
となるキャッサバ (J¥!Janil101esculc/Jla Cranlz). トウモロコシ (Zeamaysし). 1後fIs(Oryza saliva L.J. i;存イ1:.'1
U¥rachis hypogaea L.)，火'J(Glycine m!IX (L) Merr)の収穫;止についてiU，¥J1干した， )1~M:ill!J1tは 9m または24m似の
樹木1I1]91J状縦波の行なわれている今ヤ yサパIOn1. トウモロコシ-1m.隊約， ti存花':1=.， kli 1 1を.ランダムに 51，FolfYr 
巡んで行った.この紡:!t ヘクタールカりの平均収依はキャッサパが16.1ton ha'I， トウモロコシ3.2ton ha 1， I(!f.術3.4
lon ha 1，子高花~J:.1.8 ton ha' l ，人~ ';I~ 1.3 ton 1a 1であった.このチーク材、liiJの:1:1作物の平均JI延長tは， 1被稲をi余いてインド
ネシアの会開平均のそれを大きく i・'.[1った.また，これは他の熱情アジアの・絞M・地における平均ij又ほとよと絞してもtl百
かった.このチーク人工体における'xl作Jlli.ilの17Jさは. ~i ジーγ ワの勾M~条件のJi怒号，~~があるにしても、集約的な 1 -.l1'm，!l!!
に加え，チーク・リターによる!万4保守、や :i!t分供給などの袋 Ikl にもよると.jft f，~される.
キーワード:アグロフォレストリー.チーク人 1:+1'， {集令{午物lは;li- 主任;iY多i・l:jJl!Jl%. ~!ジャワ
Yiclds werc determincd in cass日va(Manihol escufclltaじrantz)，maize (Zca maysしょ ricむ (OrYZilsativi/ L.). 
groundnut (Arachis hypogaca し)and soybean (Gfycine max (L.) :'vlor.) which wero認rownin a plantod teak forest 
lInder a誌roforestrymanagement in a moist tropical rc反ionin lhe Madillnドorc呂tDislrict. Easl Java. lnclonesia. Thc 
γesearch was carri巴clout from October 2000 to July 2001. Thc average yielcls were 16.1. 3.2， 3.4， 1.8 and 1.3 ton h日山1in 
the cassava， maize， rice. grounclnllt ancl soybean目 respectively，Yielcls of cassava， maize， grollndnul and soybean in 
the Macliun Forest District werc highcr lhan those of avcrage yields in orclinary ficlds ()f Indoncsia ancl also in most 
of othcr tropical counlrics despitc 01' growi口氏。nthe rainfall conclitions. Thcse high yiclds of the crop5 are considercd 
to be partly becallSc o[ humicl and high tempcrature c1imate conclitiollS in E，削 ]ava.Howevcr. the high yiclcl of 
crops plnnting ullcler agro[oreslry seemed more influcncecl by th巴 teakplantation mana立emcntin EaSl Jれra
inciudi日記抗日 applicationof inten5ivc cllllural practices slIch as 50il management (til日記ein lancl prepar・品tiol1ancl 
weeclillg)， fertilizatioll with chemicals or manure anclleaf lit lcr supply from th巴teakforests 
Key words: Agroforcstry， plantcd leak forcsl. yields of cash crops， moisl tropical rcgion， Ea日tJava 
1. Introduction conseC]uence of industrial forest exploitation， The 
increasing labor force cannot be absorbed by the 
available opportunities for employment in the 
manufacturing and tracle sector， so the ru1'al 
population has to depend to a large extent on 
ag1'icultu1'al and teak forest lands to suppo1'l 
themselves. These landless people depend almost 
exclusively on the forest for their incomel71. To 
combine the use of certain piece of land [or forestry， 
A日 inmost of Java 1'egions， the major teak forest 
problems in Ea日tJ ava are forest land encroachment. 
shifling cultivation， illegal log poachin符.illegal firewood 
and charcoal wood collectionls. The devastation o[ the 
fore抗日 is primarily a conseC]uence of expanding 
human population ancl their・needs[01' arable lands to 
feed themselves ancl io1' fuel-wood， rather than日
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Java. The Macliun district is a regency city in Ea日t
Java Province covcring an area of ca. L 154 km2 or 2% 
。[the total land in East Java (47.922 km2). At present. 
foocl crop日suchas rice. ca日sava.grounclnl1t. maize ancl 
soy bean are not self-suflicIen t in the East J ava.ぉoa 
large area of [orests are planted variou日 fooclcrops 
under agro[orestry man日誌ementsuじhas in the 
Madiun Fore日tDistrict. Most o[ [oocl c1'ops in the 
Madiun Forest District are grown mainly under 
rainfall condi tions. "ミrhichis solely depenclent on 
rainwater and does not receive any additional water at 
any step of cultivation through irrigation21. 
Agricultural crops are plantcd every year throughout 
the entire 1'ainy season (October-J une). Rice. maize. 
groundnut ancl soybean are uSllally grown two times a 
year in the Madiun Forest District: the 1叶 crop
(planted in November and harvested in February) and 
the 2山.1crop (plantecl in March and harvested in June). 
while cassava is grown one time a year (planted in 
October/November and harvestecl in July/l¥u符I日t).
Various aged teak [orests in the Macliun Forest 
District gro¥V on volcanic soil [rorn 50rn to 600m in 
altitude. 
八irtempel・atureis relatively日tablethrol1ghout the 
year with mean annual temperatures of 28.8
0
C. ancl 
the 111ean annual precipitation f1'oη1 2000 to 2001 was 
1865 mm. The 1110nthly mean temperatu1'e ancl 
precipitation in 2000 -200] at the resea1'ch site is 
consistent with typical monsoon clim日tewith sl10rt 
dry season (July to September) as shown in the Fig. 1. 



























agricultl1re. and/or livestock at the same pe1'iod of 
time. Perhutani (the State Forest Enterprise in 
Indonesia) is now aimed to increase upland 
agricultural and forestry production through 
agroforestry managεment21. Agroforestry Is lancl use 
sy日tem(a) in which woody perennials ancl herbaceolls 
crops are grown together in mixtures. zonally and/or 
sequentially. with 01' vvithollt cattle. ancl (b) which 
provicles努reaterbenefits for the land llse than 
agricultllre or forestry alone. inclllcling one or more 01' 
the following: sustained soil fertility. soil conservation. 
increased yield. reduced risk of crop failure. easy 01' 
management， pest and disease control. and/or greater 
fulfillment of the socio咽economicneeds of the local 
population21. 1n the agroforestry. lanclless farmers get 
the opportunity to plant food crops such as ca日sava
(Manihol esculenla Crantz). maize (Zea mays L.). rice 
(Oryza sativa L.). groundnut (Arachis hypogaea L.) and 
soybean (Glycine max (L.) Merr.) on tl1e forest land. 
subsidies to buy agricultural devices. fees [or land 
preparation ancl fertilizcrs (both chemical and manure) 
in the newly establishecl teak plantations21. 
The management of planted forests under 
agroforestry in Indone日iaha日 along tradition. 
Consequently. there is an extensive body of empirical 
knowledge on the use and management of the trees 
and associated crops. The procluctivity of tωk 
plantations under agroforestry managemεnt in East 
J ava has been recorclecl1'i). The yields of cash crop日
which grown on rice fields is relatively well 
documented51. but more the crops studies under 
agroforestry management ShOllld be undertaken. 
Though teak forests have been raisecl on a large scale 
under agroforestry managem巴ntby the State Forest 
Enterprise. a database on aspects of yields of cash 
crops is lacking. This report presents the results 01' a 
study on the yields o[ cash crops in a plantecl teak 
fore日1uncler agroforestry management. 
Fig. 1. Mont hly mcans of pr・ccipitationancl lcmperaturc in 
2000-2001 in Ivlacliun Forcsl Di日tricLCross. monthly mcan 
lcmperaturc: hislogram. monthly prccipilalion. 
2.1. Description of study area 
The study area is located at the eastern [oot o[ Mt. 
Lawu (7
0 
30' S and 112
0 
30' E) in East Java. lndonesia 
and is man乱gedby Madiun Forest District. a State 
Forest Ente1'prise uncler the control of Perhlltani in 
2. Material and methods 
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Far East. the area is classified into types C and D or 
seasonal typel). 
The gι、ologicalslructure in most o[ the area is 
vo!c乱nic.the soil type belongs to the rcd-bl・O¥VI11日h
latoぉ01.and the tOj)ography is gently lllldulating and 
slightly rockylU 
2.2. Plant materials 
The research materials wcreじashcrops (cassava. 
maize. rice.♂roundnut and soybean) in a teak fore日1
plantatioll under agroforestry managemcnt. which 
extcnded over an area c品.1000 ha. The crops wcre 
cultivated 0η9 m and/or 24 m wide alleys o[ heclge 
between teak rows. Teak scecls were directly sown on 
the site by spacing of 3 x 1 m. TherefOl・e.this is an 
agroforestry sy日temin which crops fields and forcst 
land are separated distinctly. The rice. maize. 
groundnut and日oybeanwere planted in恥'larch2001 
and harvested in June 2001. while the c品目savawas 
planted in October 2000 ancl harvested in ]uly 2001. 
Cassava and rice were grown on 9 m and 2:1 m to 
groundnut and soybean on 9 m ancl maize on 24 1 
alleys. Intensive cullural practices such as soi1 
management and fertilization were perfol・mecldurinば
the crops planting. CO¥V clung. poultry manure and/or 
clecomposecl rice as manure fertilizer・swere applied 10 
cassava. maize. groundnut ancl soybean only as basal 
dressinε. while urea w品目 appliecl to rice. LegLlmInoLls 
species (LeLlcaena gIaLlcn) [01' the purposes o[ 
supplying fodder and green maηure were grown by 
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line planting belween t巴akrows in the initialぉtage.
Ste111 of Lcucacn(:l gIauca tre巴swere cut about to 10 
cm above ground level at a half-year-old a[ter日owinば
as l1sually done to cover t1e lancl surface. 
2.3. Estimation of crop yields 
To estirnate crop yielcls which幻・ownon four 
differen t 1 to9ωyear-old teak forest plantations uncler 
agrofore日try.t九Nentyquadrats of 1 x 10m and 1 x 1 m.
five Cjuadrats of 2 x 2 m anclten Cjuadrats ()f plot日01'
1 x 1 m were ranclomly placed in the croplancl 01' 
ca日savaancl rice. maize and soybean and groundnut. 
respectively (Tablc 1). Mεasurement of yielcls was 
carriecl out when harvesting in th配 endof growing 
season (]une 2001) for 1・ice.maize. groundnut ancl 
soybean and in dry scason (] uly 2001) 1'or ca日sava.The 
sub-samples for determining dry weights were taken 
[rom tubers o[ cassava. grains o[ rice. maize. 
groundnut and soybean. ancl were clr匂dout at 6C)'C 
until a constant weight was reached. 
3. Results and discussion 
Table 2 shows the average foocl cro])s yielcl in 
cassava. maize. rice. groundnut ancl soybean反rownOtl 
a planted teak forest undcr agro[orcstry management 
in Macliun. East Java. For the purpose of comparison. 
averag配yielclsof orclinary [ields in lnclonesia ancl the 
most of other庵 tro])ical countries ba日引1on the FAO 
clata is also只ivenin t1e table. 
Table 1. J)escription of lhe日amplcdcash crops 01 the tcak plal1lalIon日
Cash crops Datc Date Allcy Plot Number Teak stand 
planting harvesting width slze of age 
(11) (m2) quadrats (years) 
.....凪...'・..町・..合a・合 0..0..・盾・..........骨・.・・‘.........・....畠醐.舗e・ 4・ 4・..・..噌・・ A・・・・・..眉....，・.・・・・・..ー・........，・...醐・s・・'‘e・ a・4同......・ 4・...ー..
Cassava (Manihot esculenta Crantz) October 2000 July 2001 9 lxlO 5 
24 lxl0 5 9 
Maize (Zea mays L.) March 2001 June 2001 24 2x2 5 8 
Rice (Oryza sativa L.) March 2001 June 2001 9 1 xl 5 3 
24 1 x 1 5 8 
Groundnut (Arαchis hypogaea L.) March 2001 June 2001 9 lxl 5 3 
Soybean (G/ycine max (し)Merr.) March 2001 June 2001 9 1 x 1 5 3 
Tota! 35 
2 FOR RES.. KYOTO 75 2003 
Table 2. Comparison of yields of cash crops in lvlacliun. East Jav日(mean土S.D.)and mo日to[ ot her tropical 
countries in 2001 
No. Country A verage of cash crop yields (ton ha -1) ........・...，・・・・・母・........・......・・ー・・ー...・..........・・'............・u...
Cassava Maize Ricc Groundnut Soybean 
(tuber) (grain) (grain) (grain) (grain) .....・..................・ー・・・・・..........・・・・・....・・・.・・，.....司R・'........・・，..............・..骨・・.........・
Madiun， East Java 16.1土3.6 3.2土0.5 3.4土1.1 1.8土0.4 1.3土0.3
2. Indonesia 12.9 2.8 4.4 1.5 1.2 
3. Cambodia 10.5 2.8 2.1 0.8 0.9 
4. Laos 13.7 2.6 3.1 1.4 0.9 
5. Malaysia 10.0 3.0 3.1 3.8 
6. Myanmar 10.7 2.1 3.5 1.2 1.0 
7. Philippines 7.6 1.8 3.2 1.0 1.2 
8. Thailand 18.0 3.6 2.7 1.5 1.4 
9. Vietnam 10.6 2.9 4.3 1.5 1.3 
10. India 25.6 2.0 3.1 1.1 0.9 
13.6 
1 Data from the present study (2001) 
2ぺoData from F AO (2001) 
* Data is not available 
Average yields of soybean. maize. rice. groundnut 
and cassava in the Madiun Forest District were higher 
than those of average yields in most of tropical 
countries. There were remarkable inter輸country 
differences in yield levels. T、hecurrent日tatus of each 1 
crop i凶nt出hεI
paragrれaphs.
3.1. Cassava (Manihot esculenta Crantz) 
1n Madiun Forest District. yields of cassava were 
slightly higher of tho日ein Tndonesian averagecl yield 
(Table 2). 1t is well known that in th巴 tropical
countries cassava can be grown on marginal lancl. 
which i日 notsuitable for other fooc! crops. However. 
the high yield seemed more influenced by the teak 
plantation mana♂ement in East ]ava including an 
application of intensive cultural practices such as soil 
work (tillage in lancl prcparation and weec!ingl. 
fertilization with manure. ancl leaf literおupplyfrom 
the teak forest. Table 2 shows the value was 
comparable with those in Thailand and was口1Uch
lower comparecl with those in Inclia. Cassava yields 
rang日clfrom 10 to 1 ton ha J in Camboclia. Malaysia. 




Myanmar ancl Vietnarn to about 12 to 13 tOI1 ha-' in
Inclonesia and Laos. ancl the lowest yielcl was less than 
8 ton ha -J in Philippine日.Thc difference of averagecl 
yielcls outside 1nclonesia may be related to climate 
conclitions. Cassava cloesもvelil1 a warm moist climate 
where mean temperatures range from 2ら29"C.ancl 
annual rainfall r巴aches1000-2000 mm. 1t performs 
poorly under colcl climates and temperatures below 
1 OOC. where growth of the plant is arrestεcl:n. The 
study area in iVlacliun Forest District. East Java is 
inclucled in climate conclition. suitable for growing 
cassava. 1 nclonesia i日 ()neof most important cassava 
proclucing countries in the world;l). ancl cassava is now 
stil used as a traditional staple food in East ]ava. 
3.2. Maize (Zea maysし)
Maize is an important crop as staple focl crop next 
to cassava and rice in Indonesia. 1n Madiun East J ava， 
the yielcls o[ maize were higher about to six-fifths of 
those in average ()f most tropical countries. The yielcls 
were comparable with tho日ein Thailancl ancl Malaysia 
ancl were fairly higher compared with those in 
averagc of othcr tropical countries. As the cassava 
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yields， the lowest maize yield was less tha日 2ton ha-I 
in Philippines. lVIaize is not suited to semi-arid or 
equatorial climates. For adequate growth and 
cl巴velopm日ntthe crop requires aηaverage daily 
temperaturc of at leaぉt200C. 1n the tropics it does best 
with 600-900 mm of 1'ain during the growing season:!:l. 
It is， therefore， the highest maize yield is not generally 
f1'om semi-a 
4.3. Rice (Oryza sativaし)
Table 2 shows the rice yields ranged from 2 to 4 ton 
ha -1with the highest yield was over 4 ton h，γ1 of 
lowland 1'ice in Indonesia and Vietnam. The lowest 
yield was less than 3 ton ha-l inCambodia. Yields of 
rice in !VIacliun Forest District were comparable with 
those in ave1'age of th巴mostof oth日l'tr・opicalcountries 
about to ove1' 3 ton ha-l. Most of the rice a1'eas of t凶
world clepend 011 1'ain fo1' ir1'igation， pa1'ticlla1'ly t1'le of 
the Asian countries olltside J apan and of the t1'opics 
and llnderdeveloped regions in generaJ251. Whe1'e 1'ain 
is used fo1' i1'1'igation. the ol1set of the wet seasoηIS a 
critical factor. It is. therefo1'e. an upland rice il1 lVIadill1 
Fore日tDistrict is planted throughollt only the eηtire 
1'ainy season (October-J lne). 
3.4. Groundnut (Arachis hypogaeaし)
1n Madiun Forest District. yields of groundnut we1'e 
highe1' of those in average of the most of tropical 
countries. The value was compa1'able with those in 
Thailand， 1ndonesia and Vietnam and was much lowe1' 
compared with those in Malaysia. Table 2 shows 
groundnut yield ranged fr・om1 to 2 ton ha -1 in1ndia. 
lVIyanma1'. Laos. Vietnam， Thailand. 1ndonesian 
aven泌氏1yielcl ancl East Java. lVIalaysia is the highest 
yielcl to about 4 ton ha -1. ancl the lowest yielcl was less 
than 1 ton ha叩Iin Camboclia. The high yielcls of 
はrOllndnutin lVIadiun. East Java compared with thos台
11 ave1'以eof other t1'opical cOllntries was expected 
using intensive farming method under agroforestry 
mana双ement.Groundnut is mainly grown in Asia 
lncle1' 1'ainfed conditions"l. Groundnllt is also grown 
unde1' high inpl1t conditions. fo1' instance in the 
sOlltheaster百 partof the United States of America and 
in Argen tina. where yielcls of over 4 ton ha -1a1'e 
obtainedS251. InIndonesia. groundnut is la1'gely used f()r 
human consl1mption sl1ch as roasted snacks 01' peanut 
23 
butte1' and dessertsl). 
3.5. Soybean (Glycine max (し)Merr.) 
In lVIadiun East Java. the soybean yields was 
slightly higher than those of tropical count1'ie日.Table 2 
shows soybeans yields are ove1' 1 ton ha叩1in thεmost 
o[ tropical cOllntries. except in Cambodia. Laos. and 
1ndia. Soybean has similar ecological requirements to 
maize:lJ. 1n a hllmid subt1'opical climate is most 
favorable for soybean crops. Althol1gh 24-25
0
C is 
pr巴fer1'ed[or optimal g1'owth. the 20・25
0
Crange is stil 
excellent for the growth of the plant. Rainfall required 
for a goocl yield in wa1'mer areas is 500-700 mm31. Itis. 
therefo1'e. th巴 highestsoybean yield is not generally 
from semi-a1'id or eqllatorial climates countri巴S5.231.
4.6. Food crops planted under hedgerow intercropping 
Hedgerow interc1'opping 01' alley cropping is an 
agroforestry technology that is being explored as one 
o[ the land use options in the tropicsl9. Itis a land 
management p1'actice in which crops are g1'own in the 
interspaces between rows of plantecl woody shrub 01' 
tree species. uSllally legumes. and in which the woody 
species a1'e periodically p1'llned during the cropping 
season. Alley cropping 1'etains some of the main 
advantages of shifting cultivation， viz. regenerating 
soil fertility. providing g1'een manUl・e.fi1'ewood and 
stakes. and suppressing weedsl21. 1n Madiun Forest 
District. th巴 speciescurrently unde1' stlldy at a 
lowland humid conditions inclucle teak (Tectona 
gl刀ndis)and food crops sl1ch as cassava. rice. maize. 
g1'oundnut and soybean which gro¥vn on 9 and/o1' 24 
mサllleywidth of teak hedge1'ows. Som巴 ofavailable 
information on the compa1'ative effects of alley wiclth 
is givεn in Table 3. The table shows yields of 
inte1'cropped cassava at 9 m iscomparable with tho日e
at 21 m-ζalley widths (P>0.05). On the other hancl. the 
yielcl日ofinte1'c1'opped rice was abollt to half at 9 m. 
and was significantly lower than that of 24 m-alley 
wiclths (Pく0.01).It is well known that in the tropical 
cOllntries cassava is able to grow on less fertile soil 
and requires less exacting environmental conditions 
compared to rice. The rice plant is a typical annual 
c1'op. which is a shm・tperiod g1'owth abol1t :3-4 months 
from sowing and the flowering time is very sensitive 
to shading. Similar t1'end. in other 1'esea1'ches were 
24 
Table 3. Comparison of yielcls (mean土S.D)in narrow ancl 
wiclc alcys 011 the teak pl日nL日tions
Significanc Icvcl: ns. not significanl; Pく0.01by トtcst
reported that in yielcls of other annual crops. cowpea 
ancl maize which grown on a plantecl Acioa bartcrii 
ancl Alchorncaι・ordifoliafo1'ests at 4 ancl 2 m網alley
wiclth 10) to maize in Gliricidia sepium ancl Tephrosia 
candida forests at 6 ancl 2 m-alley wiclthSI and to 
cassava in Leucaena leucocephala fo1'ests at 3 ancl 1 11-
alley widtll"l. 
Yields of cassava， maize， rice. grollnclnut and 
soybean in the Madiun Forest District were higher 
than those of average yields in the most ()f tropical 
cOllntries despite of growing on the rainfed conclitions. 
High yield of the food crops is considered to be partly 
becallse of humid and warm climate conditions in East 
Java. However， the high yield ()f crops planting under 
agroforestry seemed more inflllenced by the、teak
plantation manaεement in East Java including al1 
application of intensive cultural practices such as soil 
management (tilage in land preparation and weeding). 
fertilization ¥vith chemicals or manllre and leaf liter 
supply from the teak forests. 
Soil management in site preparation i日 now
receiving increased attention as a means of improving 
root zone soil water supply. This may be accomplished 
through removal of competing vegetation， increasing 
soil water storage 01' encouraging more extensive 
seedling root developmentOI. Pattern of leaf liter fal in 
teak planted lIncler agroforestry seemecl to have a 
positive inflllence on sllstaining the crops planting by 
the soil conservation. Fiεld observation in leaf liter fal 
of teak planted under agroforestry management 1'01' a 
year showed the average of leaf liter fal was 5.13 ton 
ha-I， almost the same as that of the average measllred 
in over twenty tropical forests. at 5.50 ton ha -1:;0). The 
mean seasonal pattern of leaf liter fal in teak planted 
lIncler agroforestry management in the Madiun Forest 
District is shown in Fig. 2. The peak leaf-fal period 
was during the months of May-June when it is the end 
of the growing season in the plantecl area. 1n forest 
ecosystems. liter fal is an important flux of carbon 
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Fig. 2. Pattern of leaf litlel・falin le日kplal1tecl uncler 
a誌roforestrymanagement in lhe Madiun Forest District. 
East ]ava from Oclober 2000 lo Seplcmbel・2001.
ancl nutrients into the clecomposer system in soil 
where nutrients are mineralized2出.This contin uous 
availability of nlltrients is one of the major factors. 
which clecicles the site p1'oclllctivity71. Application of 
fertilizer both chemicals ancl manure is expect収1to 
increase raLes o[ liller d日じomposition.resulling in 
faster rates of nlltrient cycling"，I. Le、gumη]ガinous呂peci必G呂
(Leα叩Llcaぽ附εω印Iηle1δIgla似仰tυlζc吟 wa川sg炉row別nby 1五ineplal似1れ汎tingbet川1羽.ve悦en1 
teak 1'0¥'状w札νr日inthe init“ial stage i日al日ouseful in erosion 
control because of its permanence under natural stress 
conditions and ability to grow on steep slopes. 
Some advantages of foocl crops planted under 
agroforestry management are increased procluctivity. 
improved space u tilization ancl soil charactcristics. 
reduced risk of crop failure and as well as thc 
improvecl local il1comes in developing cOllntries. 
inclllding Indonesia. The clisadvantages. aぉseen11 
J avanese teak plantations. are increased competition 
between tr巴esand crops ancl allelophathy effect of 
treesl:. These wil hopefully be overcome in time. 
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